The crystal structure of the hydroxy derivative of a nitrogen mustard, 2-[3-(6-chloro-2-methoxy-9-acridinylamino)propylamino]ethanol , has been studied. The mustard itself is a strong mutagen for Salmonella, much less active for Neurospora, and is only slightly active as an antitumor agent in mice bearing ascites tumors. The crystals are monoclinic, space group A2/a, with eight molecules in a cell of dimensions a=23.957+0"006, b= 10.086+0"003, c= 15.519+0.004 ]k, fl= 110.92+ 0.05 ° . The structure was solved by direct methods and refined by full-matrix least-squares methods, including hydrogen atoms, to R--0.055 using 2520 observed data measured with an automatic fourcircle diffractometer. The acridine portion of the molecule is not planar. There is both a folding of the molecule about the line between the two central atoms of the acridine moiety and a twisting of the two outer rings. There is an intramolecular hydrogen bond between the nitrogen atoms in the side chain and an intermolecular hydrogen bond between the terminal hydroxyl group and the acridine nitrogen atom. There is also a weak intermolecular hydrogen bond between a nitrogen atom in the side chain of one molecule and the terminal hydroxyl group of another molecule.
Introduction Experimental
The nitrogen mustard, ICR-191 (Peck, Preston & Creech, 1961) , is a powerful mutagen for Salmonella, much less active for Neurospora, and is only slightly active as an antitumor agent for ascites tumors. The hydroxy precursor, ICR-191-OH, for which the formula is given below, was provided as yellow rectangular prisms by Drs Creech, Peck, and Preston of this Institute.
N H-(CH2) 3-NH-(CH~)2-O H OCH3
This study was undertaken in order to compare the results with those of other acridine analogues which are similar in chemical formulae but show different biological activity. The structures of two other acridine analogues have been reported. They are ICR-170-OH (Berman & Glusker, 1972) and ICR-171-OH (Glusker, Minkin & Orehowsky, 1972) . The only chemical difference between the latter two hydroxy precursors of the acridine nitrogen mustard and ICR-191-OH is that the side chain -NH-(CH2)3-NH-(CHz)z-OH has been replaced by-NH-(CHz)3-N-(CzH4OH) (C2H5) (ICR- . The biological activities of the three acridine mustards, however, are markedly different (Peck et al., 1961; Ames & Whitfield, 1966; Mailing, 1967) .
170-OH) and by -NH-(CHz)2-NH-(CHz)z-OH
The crystal data for ICR-191-OH are presented in Table 1 . For the data collection, a crystal was cut to dimensions 0.2 x0.2 x0.25 mm with a razor blade. Three-dimensional data were collected on the Picker four-circle automatic diffractomctcr at the University of Pennsylvania. The data were collected with nickelfiltered Cu K~ radiation out to 20= 125 ° by the 0-20 scan technique, using a scan rate of 1 ° min -~ and a total background counting time of 40 sec for each reflection. 2804 independent data were measured, of which 2520 had an intensity greater than 2.33 x a(I) and were considered to be observed. Lorentz and polarization corrections were applied as well as a correction for absorption assuming an ellipsoid of revolution (Johnson, 1963) . The minimum and maximum values for A* are 1-34 and 1.41 respectively. The standard deviations of the observed structure amplitudes, a(F), were calculated from counting statistics and measured instrumental uncertainties. The data were scaled and normalized structure factors, IE(hkl)], 
Determination and refinement of the structure
The structure was solved by direct methods with the multiple-solution technique, using the program of Long (1965) . The solution of the structure presented some difficulty due to the overall planarity of the molecule; however, the correct E map revealed the positions of the atoms of the acridine moiety and those + (x,y,z); +(x,½+Y,½+z) +(X2+x,-y,z); +(½-+x,½--Y,½+z) atoms directly bonded to it. A Fourier synthesis based on these atoms gave the positions of the remainder of the atoms. The structure was refined initially by blockdiagonal least-squares methods for only the nonhydrogen atoms with isotropic thermal parameters to R=0.14 where R=7.lfo-fcl/~lfol. This was followed by refinement with anisotropic thermal parameters to R = 0.09. At this stage all of the hydrogen atoms were located in a difference map. The structure was ultimately refined by full-matrix least-squares methods, with anisotropic thermal parameters for the heavy atoms and isotropic thermal parameters for the hydrogen atoms, to an R of 0.055 for the 'observed' data and 0.067 for all data. The final nonhydrogen atomic parameters are given in Table 2 and the parameters for the hydrogen atoms are listed in Table 3 . A comparison of the observed and calculated structure factors is presented in Table 4 . Of the 284 unobserved data, 16 had calculated intensities greater than the threshold value and only two had calculated intensities twice the threshold value of 2.33 a(I). 
Computations
All computations were done on UNIVAC 1108 and CDC 6600 computers via a DTC 2000 remote terminal in this laboratory. The block-diagonal leastsquares program was a modified version of that written by Harris (1966) and the full-matrix program Table 2 .
Atomic positions and thermal parameters for the nonhydrogen atoms
The temperature factor is of the form : T= exp ). (Johnson, 1965) is presented in Fig. 1 . The bond lengths and angles are shown in Fig. 2 . Within the acridine moiety itself, the only significant difference found between ICR-191-OH and the two previously reported acridine analogues, ICR-171-OH and ICR-170-OH (Berman & Glusker, 1972) , is that the C(15)-C(16) bond length (1.441 A) appears to be significantly longer than the C(15)-C(19) bond length (1.421/~), whereas the two lengths are the same in both ICR-170-OH (1.422+ 0.005/~) and ICR-171-OH (1.430 + 0.007 A). In a comparison within acridine (Phillips, 1956; Phillips, Ahmed & Barnes, 1960) , the only significant differences in the bonding with the acridine moiety are found in the slightly longer C (15) The side chain -NH-(CH2)3-NH-(CH2)z-OH in the ICR-191-OH molecule is curled rather than extended in a zigzag pattern. The side chain also curls in and out of the plane of the acridine. The acridine moiety itself is not planar (Table 5) , the best description of the non- planarity of the acridine moiety being that the fused sixmembered rings both fold and twist about the C(15)...N(4) line (Fig. 3) . The overall nonplanarity of the acridine moiety is somewhat less pronounced than that found for the acridine systems of ICR-170-OH and ICR-171-OH. The angle between the best least-squares planes of the two outer rings of the acridine system is 4.9 °, while for ICR-170-OH and ICR-171-OH this angle has values of 10.7 and 7.5 ° respectively. Taken separately, neither of the two outer fused rings is planar, each having a puckered conformation; however, the ring having the methoxy sub- (7) C ( A feature of the molecular packing is the stacking of the molecules which is illustrated in Fig. 5 . The stacking is such that each molecule has two near neighbors, each related to the first by a center of symmetry. The separation of the best least-squares planes of the acridine moiety are 3.34 A and 3.47 A, the first related (Fig. 5) , the area of overlap of the molecules related by the center at the origin is somewhat less than the overlap area of the
